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A significant share of the energy demand in high performance buildings is related to mechanical ventilation. Aside 
traditional heat recovery devices, liquid desiccant systems can play an important role. The performance of liquid 
desiccant devices and consequently their potential in energy savings is complex to estimate due to the influence of 
operational conditions as well as of the physical properties of the fluids. A simple twin-tower configuration has been 
proposed as a reference system for assessing the control strategy and the potential of this technology to reduce the 
ventilation load. It consists of one absorption tower that treats the outside air and a second one that uses the exhaust 
air to restore the initial liquid desiccant conditions. This configuration operates as a total heat exchanger between the 
fresh and exhaust airstreams, with the liquid desiccant as heat and mass transfer medium. The heat and mass transfer 
between the fluid flows in the two towers has been modelled, and the energy saving potential in heating and cooling 
mode has been calculated based on annual hourly weather data. In order to assess the results, a comparison with the 
saving potential from conventional sensible and total heat recovery systems have been performed, considering 9 
locations across Europe. Control strategies have been considered to limit total heat recovery in order to prevent 





New and existing buildings energy performances are strongly affected by the quality of the envelope, which impacts 
on the thermal losses by transmission and infiltration. In high performance buildings, thermal insulation can ideally 
make transmission and infiltration losses negligible, leaving as a major item in the energy balance the ventilation 
load related to a minimum air change rate to be provided to the occupants. Therefore, air-tightening of the envelopes 
to limit infiltration has to be balanced by suitably increased natural and/or mechanical ventilation. Even if natural 
ventilation may be somehow more controlled than infiltration, research showed that mechanical ventilation is in 
many cases the most reliable and effective way to provide the occupants with the appropriate amount of fresh air. 
Moreover, mechanical ventilation allows deploying Heat Recovery (HR) devices, so to reduce the ventilation load. 
Among the available equipment, the traditional air-to-air HR devices are manufactured in many different 
configurations, belonging to two main categories. Depending on the type of separation material (impermeable vs 
permeable) between the air streams, in case of a plate HR, or matrix material (non hygroscopic vs hygroscopic), in 
case of a rotary wheel, they can be distinguished in sensible (SHR) and total heat recovery (THR) systems. Both 
types allow a sensible heat transfer between the air streams, while only THR also allows moisture transfer.  
Even if less common, Liquid Desiccants Systems (LDS) are mainly used in air handling units for air 
dehumidification. Nevertheless, the heat and mass transfer between the air and the desiccant can cover also cooling, 
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heating and humidification needs, and in some configurations, operate heat recovery. These can consist of one 
absorption tower that treats the outside air and a second one that uses the exhaust air to regenerate the liquid 
desiccant, or vice-versa, depending on the relative conditions of the two airstreams. This twin-tower (from the name 
of the device used to promote the exchange between the air and the liquid desiccant, namely a packed tower) 
configuration acts as a total heat exchanger between the outlet and exhaust air streams, with the liquid desiccant 
operating as heat and mass transfer medium. Their working principle and configuration is in some respect more 
complex than in conventional heat recovery devices and requires for regeneration of the desiccant, providing an 
overall effectiveness slightly lower than the conventional THR devices.  
Nevertheless, the use of a LDS comes along with some benefits. First, a sanitizing effect has been documented. As 
summarized in the review of (Fu & Liu, 2017), studies on desiccants such as LiCl and LiBr have proven bactericidal 
effects. With respect to the inorganic LD solutions as LiCl-water and LiBr-water, KCOOH-water solution has the 
advantage of being cheaper (G. a. Longo & Gasparella, 2005) and biodegradable and hence, environmental friendly 
when diluted, yet show also the ability to inhibit bacterial growth when high concentrated (CABOT, 2013). In 
flower greenhouses, the use of LiCl and KCOOH-water LDS led to a consistent reduction in botrytis, a plant disease 
(Giovanni A. Longo & Gasparella, 2015). Moreover, the use of an intermediate liquid solution allows performing an 
indirect exchange, preventing cross contamination due to leakage and carry over between the exhaust and supply 
airstreams. 
Apart from the specific design and configuration, the actual benefit of HR in ventilation systems depends on the 
outdoor and indoor conditions and use characteristics. The outdoor air conditions depends on the local climatic 
conditions where the building is, and in particular on the temperature and humidity profiles.  
The indoor conditions are influenced by the required setpoint, by the heat and moisture gains and by the thermal and 
moisture behavior of the building materials. High sensitivity on the humidity level is reported in many applications. 
If humidity is not controlled inside a conditioned space some negative effects can arise, for either the materials 
properties or integrity, and for the occupants’ health (Sterling, Arundel, & Sterling, 1985), and performance 
((Tsutsumi, Tanabe, Harigaya, Iguchi, & Nakamura, 2007),(Chen Y., Tsutsumi H., Akimoto T., Tanabe S., 2003)). 
In some previous works, the authors analyzed the impact of humidity control on the actual performance of HR 
devices, showing how SHR can be energetically as beneficial as, and even more cost effective than THR 
(Tafelmeier, Pernigotto, & Gasparella, 2017), when strict humidity control is required and/or latent loads are high, in 
humid climatic conditions. 
In this work, the heat and mass transfer between the fluid flows in a twin-tower LDS has been modelled, in order to 
investigate its effectiveness and control possibilities when used as a HR system. The energy saving potential from 
ventilation heat recovery in heating and cooling mode has been calculated on annual basis from hourly weather data. 
In order to generalize the results, a comparison with the savings potential by conventional SHR and THR systems 
has been performed considering 9 locations across Europe. Suitable control strategies have been considered, which 
exclude SHR or limit THR, both for the conventional and for the twin-tower system, in order to prevent excessive 
indoor humidity and/or to minimize dehumidification by cooling. The sensitivity to different areas per occupants, 




2.1 Analytical moisture balance model 
As a simplification to calculate the humidity level inside a conditioned space, it is sometimes used a steady state 
model based on the assumption of negligible capacity in the indoor environment. This is acceptable as soon as the 
calculation timestep is long enough relative to the actual moisture capacity of the building. The increase or decrease 
of the internal humidity, because of sources or sinks, is assumed to take a negligible time with respect to the 
variability of the boundary conditions, which is acceptable for a small conditioned volume without moisture 
buffering capacity. This approach can cause an over/underestimation of the indoor humidity variations and hence, of 
its impact on the estimation of energy savings by heat recovery mechanical ventilation.  
The proposed model, the transient balance equation is solved analytically at each timestep, assuming constant 
boundary conditions during each timestep. The analytical solution allows to approximate the continuous variation of 
the indoor humidity within a timestep, which is useful to analyze the control strategy and its impact especially when 
larger timesteps are used.  
The mass balance takes into account the time depending inlet, outlet, and generated moisture mass rates. The mass 
of vapor per occupant mv,room inside a conditioned space is given by the density of the air ρa, the height of the 
conditioned space hroom, the area per occupant Aoc and the humidity level xroom: 
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 mv,room = ρa hroom Aoc xroom (1) 
 
The moisture mass variation per occupant depends on the difference between inlet and outlet vapor mass flow, ṁOA 
xin and ṁOA xout, and the generated vapor mass per time ṁv,g: 
 
 ṁOA xin - ṁOA xout + ṁv,g = EC dmv,room/dt (2) 
 
where EC is effective capacitance coefficient, used to take the moisture buffering properties of the indoor 
environment into account. In case only the air capacity is considered, EC is one. Typical values are in the range 
between 10 and 25 depending on the zones of a building (EPA, 2001), yet the present work also includes a case of 
long-term buffering by assuming an EC of 40 in order to investigate the sensitivity of it on the energy savings. More 
realistically the effective moisture penetration depth EMPD could be used (Woods, Winkler, & Christensen, 2013) 
but for sake or generalization, this method was not suitable for the present analysis, because it requires a detailed 
description of the building. 
The different quantities in (2) have been categories in order to generalize the analysis without defining a specific 
building use. This way, the energy savings can be expressed as a function only of the flow rate of outside air per 
occupant, and are completely independent of the actual size of the building, as described in the following. 
As no vapor production by indoor sources is considered, ṁv,g is given only by the latent load per occupants, which 
can be find categorized by activity in common standards (ASHRAE, 2007), (ISO,1996).  
The product ṁOA xout is the vapor amount removed from the conditioned space by ventilation. It is depending on the 
mixing inside the space that can be defined by the ventilation efficiency εv (3). It is consistent with the definition of 
the ventilation efficiency (Sandberg, 1981). 
 
 εvent = (xout – xin)/( xroom – xin) (3) 
 
A unit value of εvent indicates a perfect mixing of the air, while smaller ones indicate a weaker mixing (with partial 
by-pass of the fresh air). Higher values are possible in some ventilation flow configurations, for instance with a 
displacement ventilation (Bronsema, et al., 2004). 
The moisture supplied to the conditioned space with the ventilation air is given by ṁOA xin. It depends on the 
humidity level of the outside air xOA and the latent effectiveness εl (4) of a potential heat recovery device able to 
recover also moisture:  
 
 εl = (xOA – xin)/(xOA – xout) (4) 
 
If de/humidification is considered after heat and moisture recovery, xin equals the adjusted value after these 
processes. 




Latent load per 
occupant 
Flow rate per 
occupant 
Space height Area per occupant Buffer 
Ventilation 
efficiency 
gv/(h person) l/(s person) m m²/person   
1 










6 25 0.7 
 
Based on the above definitions, six cases have been analyzed in the calculations (Table 1), to compare different 
conditions that can occur in an office space. The considered latent load for one person, who is seated and writing, is 
taken as 79.2 gv/(h person) (ISO, 1996) and the recommended air exchange per person is 11.0 l/h (REF UNI, 1995). 
The heights of the office is always taken as 3 m. Whereas case 1 considers an open office with an area per occupant 
of 8.3 m², the cases 2 to 6 assume a single office with an area per occupant of 16.7 m² (REF UNI, 1995). The cases 1 
and 2 allow a comparison between the different office types, as both have both no buffer and a ventilation efficiency 
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of 100 %. The EC coefficient increases for the same single office type from case 2 to 5. Finally, case 6 has the same 
properties as case 4, but a weaker ventilation effectiveness.  
For the xOA the annual hourly weather data, provided by EnergyPlus (energyplus, 2016), of the cities: Ostrava, 
Helsinki, Munich, Amsterdam, Bergen, Aberdeen, Bari, Lisbon and Barcelona were used.  
 
2.2 Heat Recovery And Twin-Tower System 
Three different devices have been considered in this work, the SHR, THR and the twin-tower LDS. The heat 
exchangers performance has been quantified from the effectiveness of the considered device. A constant 
effectiveness of 70% has been used for sensible and latent (only for THR) recovery. Similar values are the reference 
requisite for some European countries (Kontonasiou, Mariottini, & Atanasiu, 2015). Besides, a frost protection 
operation was included in the simulation, considering a preheating of the outside air, whenever the outside 
temperature is below a threshold, of -1°C for SHR and -6°C for THR, to avoid frost damages on the device. The 
configuration of the ventilation system is represented in Figure 1 (right frame).  
 
 
Figure 1: Configuration of the ventilation cycle. Left: using twin-tower LDS. Right: using HR device. 
  
LDS can be implemented into a ventilation configuration in the form of a twin-tower system. The two absorption 
towers treat the outside air (operation tower) and the exhausted air (regeneration tower) respectively.  
The term regeneration refers here to the restoration of the LD properties after the operation tower and not 
necessarily to the concentration of the weak solution after dehumidification. The whole configuration (Figure 1, left) 
acts as a heat exchanger between the inlet and exhaust air stream. Additional equipment such us LD cooling and 
heating exchangers, which in principle might enhance the performance, sometimes adopted in commercial 
applications are not considered here.  
For a given packed tower configuration, the effectiveness of the described LDS depends on the actual air conditions 
and on the ration between air and solution mass rates. The sensitivity of the effectiveness to different operating 
conditions has been evaluated by a finite difference model for an absorption bed consisting of random packing by 
plastic Pall Rings based on a previous work (G. a. Longo & Gasparella, 2005). The model has been used to compute 
the heat and mass transfer between the air and the LD throughout a packed bed 75 cm high and for LD to air mass 
flowrate of two. Its cross-section is designed to limit the air velocity to avoid LD carry-over (G. A. Longo & 
Gasparella, 2005). The total effectiveness is shown by the color scale in Figure 2, as a function of the outside air 
conditions in a psychrometric chart. Only the region with a humidity level low enough to avoid excessive humidity 
during heating, as described in the following section is considered.  
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Figure 2: Psychrometric chart with total effectiveness (color scale) by the twin-tower LDS and hourly weather 
points for the example Aberdeen. 
 
The calculations showed that the average total effectiveness calculated on the basis of the air conditions within this 
region is 47.1 % for Ostrava, Helsinki, Munich, Amsterdam, Bergen, and Aberdeen, 47.2 % for Bari, and Lisbon 
and 47.3 % for Barcelona. Total effectiveness for those systems lies between the sensible and latent effectiveness, as 
shown in fig. 3.  
Consistently with the effectiveness based calculation adopted for HR devices, the average LD effectiveness has been 
used as the sensible and latent effectiveness in the following. As with HR devices, a frost protection by preheating of 
the air has been assumed for the twin-tower LDS. The threshold temperature was set to 1 °C in order to above the 
water freezing temperature. 
 
2.3 Control Strategies 
Two different control strategies are considered for the analysis. Control strategy A is defined in order to distinguish 
between cooling or heating mode operation. In the case of SHR, cooling mode applies for outside conditions above 
26 °C and heating mode for temperatures below 20 °C. For THR and the twin-tower LDS, as both recover also 
moisture, it holds for outside conditions above an enthalpy of 52.91 kJ/kg (26 °C and 50% relative humidity) and 
below 38.6 kJ/kg (20 °C and 50% relative humidity) respectively.  
Additionally, a control strategy B has been employed aiming at preventing or not increasing dehumidification 
energy needs caused by the HR devices. The principle of operation for this control is to avoid the pre-heat of the 
outside air by SHR whenever the humidity level inside the conditioned space is above the supply humidity set point. 
This can be obtained by bypassing the device when pre-heating is not beneficial.  
 
Figure 3: Correlation between the effectiveness of the twin-tower and the LD-air-flow rate ratio for an outside and 
exhaust air condition of 20°C and 7.3 gv/kgda and 5°C and 3.0 gv/kgda respectively. 
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In case of THR and the twin-tower LDS, the control strategy avoids also excessive humidification by moisture 
recovery, by reducing the latent effectiveness. Regarding the THR, this can be done by variation of the rotary wheel 
speed or partially bypassing the device. For the twin-tower LDS, the relation between the effectiveness and the 
liquid to air flowrate ratio can be used as a control parameter. The effectiveness, calculated by the detailed twin-
tower model, in Figure 3 show that by reducing the flow rate ratio the effectiveness decreases as well. It is assumed 
that the minimum total effectiveness reached by this method is 25%. Smaller values would need a very low LD flow 
rate, which might cause problems such as a poor desiccant distribution inside the packing, which makes the 
simulation and likely also the actual performance difficult to predict. In that case, bypassing the system is assumed 
to be preferable. The control of excessive humidification has a small impact in cooling mode as well. More details 
about this and the control definitions are provided in previous work ((Lazzarin, Gasparella, Longo, & Perbellini, 
2000), (Tafelmeier et al., 2017)). 
The implementation of the control strategy into the unsteady state hourly simulation is done by checking if and 
when the humidity level inside the conditioned space xroom is exceeding the set point condition xset within one given 
hour. It detail, this means the gain of humidity inside the conditioned space is computed depending its latent 
effectiveness and on the above mentioned quantities CEC, Aoc, h and εv for each device. The time span th from the 
beginning of the considered hour when the required humidity level is exceeded is then determined. Until this 
moment the effectiveness is assumed the nominal value εs_n respectively εl_n, for the rest of the time, the controlled 
sensible and latent effectiveness, εs,c respectively εl,c, is rather zero due to bypassing in the case of SHR or the 
partialized value in the case of THR and twin-tower LDS calculate with (5):  
 
 εl,c = 1 - ṁv,g/ (ṁOA (xset - xOA) (5) 
 
The average sensible and latent effectiveness εs,meanand εl,mean in this hour was calculated according to that period 
(equation (6) and (7)).  
 
 εs,mean = (εs_n th + εs,c (1-th)) (6) 
 
 
εl,mean = (εl_n th + εl,c (1-th)) (7) 
It is assumed that the partialized latent effetciveness εl,c equals the sensible one. More details on the definition of the 
partialization can be found in the previous work (Tafelmeier et al., 2017). 
 
2.4 Annual Energy Savings 
The annual energy savings are calculated as the difference between each outside enthalpy value and the enthalpy 
after the recovery device and compared with the ventilation load. The ventilation load is the enthalpy difference 
between the outside and set point air condition and represents the energy demand necessary if the outside air would 
be conditioned directly without taking a specific air treatment into account.  
In case of the SHR, an evaporative cooling device is used to reduce the exhaust air temperature before it enters the 
heat exchanger. The saturation effectiveness is assumed as 90 %. As the heating and cooling mode regions are 
different for SHR and the THR systems, there are a different number of outside conditions accounting for each mode 
and hence, different values for the ventilation load are determined for each mode. 
 
3. RESULTS AND DISCUSSION 
 
3.1 Energy saving potential during cooling mode 
Depending on the humidity level of the weather conditions within the cooling mode, the use of a THR or the 
combination of a SHR+IEC is the most beneficial. It can be seen (Table 2) that for the cities with a rather drier 
summer, such as Ostrava (1.07 kJ/(l/s)), Helsinki (0.19 kJ/(l/s)), Munich (1.05 kJ/(l/s)), Amsterdam (0.54 kJ/(l/s)) 
and Lisbon (5.59 kJ/(l/s)) the use of the SHR+IEC results in higher energy savings than the THR or twin-tower 
LDS. The energy savings by SHR+IEC can exceed the ventilation load whenever the air after the recovery falls 
under the set point temperature. The higher benefits by THR are in Aberdeen, Bari and Barcelona with 0.0058 
kJ/(l/s), 6.97 kJ/(l/s) respectively 10.99 kJ/(l/s) indicate air conditions with high humidity levels and hence, a higher 
additional benefit in moisture recovery. The achieved energy savings by the twin-tower LDS are generally the 
lowest and only exceeds the SHR+IEC combination for Aberdeen and Barcelona. 
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The effect of the control strategy B is the highest for THR in Munich where the energy savings are not 70 % of the 
ventilation load as expected by the nominal effectiveness, but 60 %. For the other cities, it is higher. This is due to 
the fact, that only a few cooling conditions lie within the partialization region.  
All considered cases of different conditioned space properties lead to similar results with negligible variations less 
than 0.5%. 
 
Table 2: Energy savings in kJ/(l/s) in during cooling mode for the different example cities in case 2. 
 
 Ostrava Helsinki Munich Amsterdam Bergen Aberdeen Bari Lisbon Barcelona 
SHR 
Ventilation load 0.85 0.15 0.68 0.30 0.11 0.024 5.87 5.72 6.14 
Savings  1.07 0.19 1.05 0.54 0.076 0.0058 5.55 5.59 3.74 
THR and twin-tower LDS 
Ventilation load 0.95 0.050 0.38 0.62 - 0.14 9.97 6.41 15.71 
THR control A 0.66 0.035 0.27 0.44 - 0.10 6.97 4.49 10.99 
THR control B 0.63 0.034 0.23 0.42 - 0.10 6.77 4.39 10.98 
twin-tower control A 0.45 0.023 0.18 0.29 - 0.066 4.70 3.03 7.41 
twin-tower control B 0.43 0.023 0.15 0.29 - 0.066 4.57 2.96 7.40 
 
3.2 Energy saving potential during heating mode 
Two aspects can be seen (Table 3) directly: regarding the control, strategy A leads to higher energy savings than 
control B and regarding the room conditions, increasing EC and Aoc, or decreasing the εv reduces the savings for 
control strategy A and vice versa for B.  
With control strategy A, the highest savings are calculated for Helsinki with THR ranging from 174.33 to 157.79 
kJ/(l/s) for room condition cases 1 to 5. The lowest are for Lisbon using a twin-tower LDS. From case 1 to 5, the 
savings range from 34.60 to 23.86 kJ/(l/s). The room condition 6 that considered a weak ventilation efficiency and a 
strong buffer leads to slightly higher savings than case 5, which represents a full mixing of the air and a space with a 
high buffer. This is true for all THR and twin-tower LDS cases under control A. Yet the differences are always 
minor. Generally, the highest savings for all cases are with THR, except for Lisbon. In Lisbon, the SHR exceeds the 
THR savings slightly, if there is a strong or high buffering in the conditioned space. The highest savings result for 
the cases with the lowest buffering and the smallest area per occupancy. In those cases, the room humidity is 
increasing the fastest within one hour, which follows in a higher recovered moisture amount by THR and the twin-
tower LDS. Consequently, also the recovered enthalpy is higher. The superior saving properties of the THR and the 
twin-tower LDS might come along with an excessive humidity in the room.  
The exceptions of some cases in Lisbon come about two facts: more air conditions fall into the SHR-heating region 
(< 20 °C) than into the THR and the twin-tower LDS heating region (< 38.6 kJ/kg) and the moisture recovery 
benefit is rather low as the high EC and large Aoc slow down the increase of humidity inside the space.  
With control A, the energy savings by the twin-tower LDS are always below those with THR. The relation between 
the energy savings are according to the relation of their nominal effectiveness values of 48% to 70%. Whereas the 
twin-tower LDS and SHR energy savings appear quite similar for the cities in the cold climate classes, Ostrava, 
Helsinki and Munich, with a difference of less than ± 5%. The savings of SHR exceeds those of the twin-tower LDS 
in Lisbon for the cases 4-6 by more than 30%.  
Regarding control B, THR leads to the highest savings in Helsinki ranging from 119.45 to 153.94 kJ/(l/s) for case 1 
to 5. In addition, the lowest energy savings per flow rate are by applying the twin-tower LDS reaching for case 1 
with 1.96 kJ/(l/s) to case 5 with 19.40 kJ/(l/s). Generally, the use of a SHR achieves better savings in Amsterdam, 
Aberdeen, Bari, Lisbon and Barcelona only for room condition cases with an EC of one. For the cases 3 to 6, the 
energy savings of the THR exceeds those of the other devices. The savings rise with increasing EC and Aoc 
respectively decreasing the εv. Now the slower gain of humidity inside the conditioned space reduces the conditions 
of excessive humidity and so bypassing and partialization of the effectiveness is reduced as well. Therefore higher 
energy saving are possible.  
Although in control B, the energy savings achieved by THR still exceed those by the twin-tower LDS, there are 
cases in which the ratio of the savings differ from the effectiveness ratio and reveal that the effectiveness reduction 
due to partialization affects more the THR than the twin-tower LDS. This is the case for all cities considering an EC 
up to 10, but especially in Lisbon. Again, this can be explained by the stronger negative effect of the effectiveness 
partialization of the THR when the increase of the humidity is fast.  
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Table 3: Ventilation load and Energy savings per flow rate in kJ/(l/s) during heating for SHR, THR and twin-tower 
LDS for all cities and cases. 
 




load 183.26 231.70 187.05 142.91 195.27 172.08 80.20 60.83 85.33 
 













Case 2 85.20 102.44 88.26 75.41 95.79 86.41 39.77 35.95 39.85 
Case 3 85.20 102.44 88.26 75.41 95.79 86.41 39.77 35.95 39.85 
Case 4 85.20 102.44 88.26 75.41 95.79 86.41 39.77 35.95 39.85 
Case 5 85.20 102.44 88.26 75.41 95.79 86.41 39.77 35.95 39.85 
Case 6 85.20 102.44 88.26 75.41 95.79 86.41 39.77 35.95 39.85 
THR   
Ventilation 
load  179.98 229.64 184.54 135.65 194.76 170.28 72.80 50.14 72.75 
 








 Case 2 135.33 166.88 138.69 107.69 148.72 132.55 60.23 46.24 59.80 
Case 3 126.40 158.57 129.37 96.29 137.57 120.54 51.95 36.33 51.88 
Case 4 125.73 157.95 128.67 95.44 136.74 119.65 51.34 35.59 51.29 
Case 5 125.57 157.79 128.50 95.22 136.53 119.42 51.18 35.40 51.14 
Case 6 125.78 158.00 128.71 95.46 136.78 119.68 51.35 35.59 51.30 








 Case 2 87.08 120.88 87.78 43.15 80.16 58.84 20.71 3.60 19.43 
Case 3 107.38 140.82 108.66 64.45 105.50 85.69 32.15 12.18 31.28 
Case 4 122.04 153.70 123.73 89.14 131.01 114.88 47.26 27.75 47.33 
Case 5 122.27 153.94 124.02 89.47 131.46 115.14 47.64 28.33 47.81 
Case 6 122.04 153.72 123.73 89.10 130.97 114.87 47.22 27.63 47.32 
Twin-tower LDS   
Ventilation 
load  179.98 229.64 184.54 135.65 194.76 170.28 72.80 50.14 72.75 
 








 Case 2 85.00 102.81 86.93 69.37 95.37 85.30 39.05 30.23 38.68 
Case 3 81.47 99.60 83.21 63.98 90.75 80.35 34.88 24.44 34.81 
Case 4 81.19 99.34 82.91 63.54 90.38 79.95 34.54 23.97 34.49 
Case 5 81.11 99.27 82.84 63.43 90.28 79.85 34.45 23.86 34.41 
Case 6 81.21 99.36 82.94 63.58 90.42 79.99 34.56 23.98 34.51 








 Case 2 63.67 81.64 65.04 35.25 60.69 48.55 16.72 2.43 15.49 
Case 3 73.51 92.00 74.85 50.25 77.29 67.33 25.52 10.88 25.20 
Case 4 78.73 96.44 79.62 59.42 86.65 76.84 31.92 18.92 32.05 
Case 5 78.84 96.59 79.77 59.53 86.82 76.94 32.05 19.08 32.16 
Case 6 78.77 96.52 79.66 59.42 86.66 76.87 31.89 18.86 31.88 
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4. CONCLUSIONS 
 
The use of a SHR, if combined with an IEC, shows, under the considered control strategies, a higher energy saving 
potential during the cooling season in cities with drier summers than the THR or twin-tower LDS. In heating mode 
under control A, the SHR energy savings potential is below that of the THR, with one exception for Lisbon, if the 
humidity gain inside the conditioned space is increasing slowly with time The slow increase of vapor is due to a 
rising buffer respectively area per occupant as well as a reducing ventilation efficiency. These properties do not 
change the savings achieved by the SHR in control A but reduce those by THR and the twin-tower. On the contrary, 
the energy savings calculated for control strategy B are increasing, as then less air conditions come about that lead to 
an excessive humidity inside the conditioned space and the savings exceed those achieved by THR and twin-tower 
LDS if the air condition in winter is humid and warm and the EC is one. 
 
The application of the THR allows the highest energy savings during cooling mode for cities with rather humid 
summers. The reduction of the savings by the control strategy B is equal or less than 7 %. The influence of the 
buffer, area per occupancy and ventilation efficiency are is negligible. In heating mode the THR use under control A 
leads to mostly the highest energy savings, without the mentioned exceptions for Lisbon. As mentioned the control 
strategy A might lead to excessive humidity levels inside the conditioned space or additional dehumidification 
energy. Control B avoids this, yet leads to lower energy savings by the HR devices and twin-tower LDS, which 
increase with increasing buffer, area and decreasing ventilation efficiency.  
 
Including the twin-tower LDS into this investigation, allows an assessment of the energy saving potential achieved 
by the simplest version of a twin-tower configuration and a comparison with common HR devices. It could be seen 
that in cooling mode the contribution to energy saving by it is rather weak compared to the SHR and THR. Yet 
when the indoor and climate condition of a city leads due to humidity control to a frequent effectiveness-control by 
partialization, the use of a twin-tower LDS becomes more attractive. Although the energy savings where still less 
than by THR, the sanitizing effect and the prevention of cross contamination allowed by the LDS might make it 
preferable for specific applications. 
Future works shall include the improvement of the twin-tower LDS performance by additional equipment and its 




A area (m²) 
EC effective capacitance 
h height (m) 
m mass (kg) 
ṁ mass flow (kg/s) 
t time (s) 
x absolute humidity (kgv/kgda) 
 
ε effectiveness 
ρ density (kg/m³) 
 
 




h time period 
l latent 
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